The estimates indicate that the energy consumption by lighting is 20-45% of a commercial building's and 3-10% of an industrial plant's total energy consumption. It is more reasonable to use energy efficient lamps such as compact fluorescent lamps (CFLs), consuming only 20% electricity for the same light output compared with incandescent lamp.
Introduction
The life cycle assessment (LCA) is a framework and methodology for the assessment of the environmental impact of the products or processes. It is characterized by the analysis of cumulative environmental impacts over the extended system boundaries. While a conventional environmental assessment techniques focus only on either manufacturing processes or end-of-life disposal (or reuse), the LCA considers the life cycle of a system, or the entire chain of events and activities that are necessary to support the product or process. This is often called the "cradle-to-grave" approach, and has the obvious advantage of revealing potentially significant but "hidden" environmental impacts (e.g. the biggest environmental impact of rice is the water usage necessary to grow the crop. Inefficient irrigation methods can use more water than is necessary. Depending on the production location, the transportation can also have a large impact).
The life cycle concept thus gives a more accurate picture of the environmental impacts than the conventional techniques; it evolved over the last three decades from a relatively vague framework for conducting assessments, into a rigorous set of internationally standardized guidelines (Raymond 2008) .
Presently there is a widespread trend towards wholesale replacement of the incandescent bulbs with compact fluorescent light (CFL) bulbs. Certain nations and regions have implemented or are considering bans on the incandescent lighting. While it is clear that during the use, the CFLs consume less electricity than the traditional incandescent bulbs, it is not so evident to what extent the increased manufacturing burden offsets the energy savings during the use. This analysis is especially pertinent due to the growing global concerns over the greenhouse gasses, for which migration of CO 2 emissions from one region to another is of no environmental benefit (Tosenstock 2007) . The same purpose of the LCA is to discuss the lifetime of atmospheric emissions, solid waste processing from manufacture, use and disposal of the CFL compared with the incandescent lamp.
The greatest advantage of the CFLs is its energy efficiency during use, with much less energy lost to heat. The CFLs typically convert about 45% of the electricity to visible light, whereas the incandescent bulbs only about 10% (Tosenstock 2007) . Since the CFL's take advantage of both passive and semiconducting electronic components, they involve complex manufacturing flows and induce greater energy demand. These results were summarized by Hitesh Soneji (2008) .
This study intends to evaluate and compare the environmental impact of the CFL and incandescent lamp using the measures of LCA.
Methodology
The LCA is a "cradle-to-grave" approach for the assessment of industrial systems. The "cradle-tograve" approach begins with the gathering of raw materials from the earth to create the product and ends at the point when all the materials are returned to the earth. The LCA evaluates all stages of a product's life from the perspective that they are interdependent, meaning that one operation leads to the next. The LCA enables the estimation of the cumulative environmental impacts resulting from the all stages in the product life cycle, often including the impacts not considered in more traditional analyses ( Fig. 1 ) (Curran 2006) .
Production of Raw Material. The raw materials come from many different sources, and obtaining each one of those materials involves a different series of inputs, outputs and processes, each of which has an impact on the environment. In order to examine how much the raw material impacts the environment, it is necessary to account for all the inputs and outputs throughout the life cycle of the raw material extraction (Jensen 1997) . Many products are made up of a multiple components, and nearly all require some form of a packaging material in order to protect them during the transit to the final customer. This first stage of the life cycle accounts for the emissions and resource usage associated with the production of the various raw materials that go into the final product and their transportation to the manufacturing point. If it is known that a component or item of the packaging is made from the recycled materials, it is acceptable to adjust the impacts associated with its production accordingly.
Manufacture. The manufacturing phase takes all of the raw materials defined above, as delivered to the point of production, and accounts for the energies used and the emissions associated with fabricating the final product. For some products, the manufacturing impacts are dominated by the energy usage, while, for others, by the emissions during manufacturing that are the most important.
Distribution. The distribution phase covers the transportation of the product from its point of production to the its point of installation and use. There might be a tendency when thinking about the LCA to believe that a detailed transport model will be required. However, for many products, the transport and distribution form a small part of the overall environmental footprint. An impacts from the distribution tend to be more significant if the product needs to be refrigerated during the transit, which obviously isn't the case for an UEL (Ultra Efficient Lamp) products.
Use/Consumption. The use/consumption phase of a product is usually relatively straightforward to define, though it is important that a consistent basis is chosen against which to compare the different products. For a luminary systems, the use phase is associated with the consumption of electricity to produce the light (Scholand 2009 ).
End-of-Life. The final stage of the life cycle is the 'end-of-life', reflecting what happens when the things are no longer required. It is far from straightforward to define what is within and without the system boundary at the end-of-life, but some rules of thumb exist. As well as accounting for the product itself, the end-of-life phase needs to take account of an other integral components, most notably the packaging. The aspects such as the handling of transportation vehicles at their end-of-life are usually not explicitly included, as those impacts (together with, for example, the original production impacts) are rolled into the tones-kilometre impacts associated with the transportation during their service life (Zbicinski 2006 , Scholand 2009 .
By including the impacts throughout the product life cycle, the LCA provides a comprehensive view of the environmental aspects of the product or process and a more accurate picture of the true environmental trade-offs in the product and process selection (Michael et al. 2010) .
The life cycle assessment is unique because it encompasses all the processes and environmental releases beginning with the extraction of the raw materials and the production of the energy used to create the product through the use and a final disposition of the product. When it is necessary to resolve between two or more alternatives, the LCA can help for decision-makers to compare all the major environmental impacts caused by the products, processes, or services (Curran 2006) .
In order to make the assessment of the environmental impact of the CFL and incandescent lamp easier, the LCA methodology and the "GaBi" software have been used. The stages of the Life Cycle (Curran, 2006) The methodological framework of all the LCA techniques is based on the ISO standards 14040 -14043.
A complete LCA, which is consistent with the ISO standards, consists of the four interrelated phases, (Fig. 2) (Scholand 2009): 1) The Goal Definition and Scoping -the first phase of the LCA is to specify the goal and scope of the study (Handbook for Life Cycle Assessment 2009). Define and describe the product, process or activity. Establish the context in which the assessment has to be made, identify the functional unit and system boundaries and the environmental effects to be reviewed for the assessment (Curran 2006) .
2) The Inventory Analysis -the second phase is characterized by the assimilation of the data and the modeling of flows for the product under the study. The data collected and used in this phase includes all the environmental and technical quantities for an all relevant unit processes within the system boundaries (Handbook for Life Cycle Assessment 2009). Identify and quantify the usage of energy, water and materials and the releases to the environment (e.g., air emissions, solid waste disposal, waste water discharges) (Curran 2006) .
3) The Impact Assessment -the third phase centers on the evaluating the contribution to the impact categories (Handbook for Life Cycle Assessment 2009). Assess the potential human and ecological effects of the usage of energy, water, material and the environmental releases identified in the inventory analysis (Curran 2006) . The impact assessment is mainly based on a classification, characterization and weighting steps. During the classification step an environmental impact categories are determined and the data of the inventory analysis are attributed to an each category. In the case of employing the "GaBi" software, the classification step is based on the CML 2001 method.
The CML method is the methodology of the Centre for Environmental Studies (CML) of the University of Leiden and focuses on a series of environmental impact categories expressed in a terms of emissions to the environment. The CML method includes the classification, characterization and normalization. The impact categories for the global warming potential and ozone layer depletion are based on the IPCC (Intergovernmental Panel on Climate Change) factors.
Under the CML 2001 method, the impacts were classified into the abiotic depletion, acidification potential, eutrophication potential, global warming potential, ozone layer depletion potential, photochemical ozone creation potential (Table 1) In the previous step, the substances contributing to the impact categories were taken from the inventory table and ascribed to a certain group. However, the different substances among one group contribute differently to the impact category. During the characterization step the relative strength of the unwanted emission was evaluated and contribution to each of the environmental problems was quantified. What is needed here is a single number for the each category. The characterization was performed on the basis of environmental models, which allow us to compare the different substances contributing to the same environmental problem. This was done by applying a so-called equivalence factors. An equivalence factor indicates how many times more a given compound contributes to a problem in comparison to a chosen reference substance.
In order to obtain a single score representing the environmental impact of a product it is necessary to aggregate the data. Weighting is the step in which the different impact categories are weighted so that they can be compared among themselves, i.e. the relative importance of the effects is assessed (Zbicinski 2006) .
In the comparative analysis the prime goal is to find out which one of the products fulfilling the same function is the best option for the environment (Sholand 2009).
4) The Interpretation -all the three previous phases are shown with links to the interpretation (Curran 2006) .
This stage is necessary in order to evaluate the results of the inventory analysis and impact assessment, to select the preferred product, process or service with a clear understanding of the uncertainty and the assumptions used to generate the results (Curran 2006) . 
Goal definition and scope
The main goal of this research was to estimate and compare the environmental impact of the CFL and incandescent lamp, using the measures of the life cycle assessment.
The tasks of the research were to identify the most significant environmental aspects of the different kind of lamps in the production, use and disposal stages.
The Functional unit and system boundaries
The functional unit is a light source which operation time is 10.000 hours. This operation time is consistent with the one 15 W CFL lamp and ten 60 W incandescent lamps. All the information about inputs and outputs was associated with the functional unit.
The life cycle of lamps includes many steps, starting from the material extraction and ending with the disposal to a landfill. In this study the LCA analysis of the CFL and incandescent lamp includes all stages of the life cycle: production, use, disposal, except distribution. The distribution stage of the lamps (products) has not been characterized, because the distances from the factory to a warehouse (shops) are very different.
The maintenance of the buildings, equipment is not included in the analysis, because the impact of the power consumption on the environment is very low, compared with the quantity of the output, produced during the lifetime of the buildings and equipment (Michaud 2008) .
There is always other factor in the industrial structures such as wastewater, energy use for air conditioning, emissions from vehicle, which may contribute to the environmental impact. In most cases the effects of the mentioned factors on the environment are quite low consequently they were not introduced in the LCA analysis.
In our evaluation it was analyzed assuming that both kinds of lamps are simply thrown to the landfill at the end of life. In the future this LCA will be extended in the field of comparison of different treatment technologies of such wastes.
Inventory analysis
The inventory analysis is the core of the LCA and is a common feature of any LCA. During this phase all flows of the materials, energy and all the waste streams related with the functional unit were identified and quantified. The final result of the inventory analysis is an inventory table (table 2. ). The data for the inventory analysis were collected by analyzing the paper of Ramroth (2008) . 
Impact Assessment
Through the LCA analysis the greenhouse-gas emissions related with the production, use, and disposal of functional unit were identified. The environmental impact category of the Global Warming Potential (GWP) was used to convert several greenhouse-gas emission estimates into a common, comparable unit. A multiplier is assigned to the each greenhouse gas based on the impact it has on the global warming over the course of 100 years on a scale normalized to the impact one atom of the carbon dioxide (CO 2 ) has over 100 years. These units are called the carbon dioxide-equivalents, or CO 2 -equiv (Horn 2006). During the operation time of the 10,000 hours, the CFL would produce about 25 percent (916,97 kg CO 2 -equiv) of the greenhouse gases that would be emitted by the incandescent bulbs over the same operation time (3876,03 kg CO 2 -equiv.) (Fig. 3) .
It is helpful to assign the CO 2 -equiv. emissions to a various processes in order to determine which emissions are the major polluters.
For an incandescent lamp, almost all of the greenhouse-gas emissions attributable to the lamp occur during the use phase. In fact, over the 99 % (3868,70 kg CO 2 -equiv.) come from the generation of the electricity required to power the lamp at the users' sites, while the other -~ 1 % (7,23 kg CO 2 -equiv.) is attributable to the production phase, and 0,003 % (0,11 kg CO 2 -equiv.) of the emissions are generated during the disposal phase. In the case of the CFL, 91 % of the CO 2 -equiv. (838,21 kg CO 2 -equiv.) emissions are generated during the use phase, while approximately 1 % (5,80 kg CO 2 -equiv.) occur during the production and 8 % (72,96 kg CO 2 -equiv.) emission during the disposal phases (Fig. 4) . The characterization of the functional unit according to the environmental impact category of the GWP during the Life Cycle Figure 5 shows the ratio of the resulting environmental impact of both kind of lamps using criteria under the method of CML 2001.
The Ozone Layer Depletion Potential (ODP, steady state) [kg R11-Equiv.] is not submitted, because the calculated impact of the both type of bulbs on the ozone layer depletion is zero. The Global Warming Potential (GWP) was discussed in the Fig.3 and Fig.4 . In comparison the AP, POCP and EP potentials, the latter increases in the case of CFL and decreases in the case of incandescent lamp use. 
Conclusions
The compact fluorescent lamp is a significantly better source of the light from an environmental point of view than incandescent lamps mainly because of their more efficient use of electricity. The key factor for all conclusions is that the CFL can use up to onefourth of electricity of incandescent bulb of equivalent brightness and the operation time of the CFL is much longer than the incandescent lamp.
• The results of LCA showed that during the production phase ten incandescent bulbs exerted higher levels of the environmental impact that is associated with the damage to human health, ecosystem quality, and resource depletion, compared to the one compact fluorescent lamp.
• The results of analysis revealed that the one compact fluorescent lamp would produce four times less of the greenhouse gases that would be emitted by the ten incandescent bulbs over the same operation period.
• It was identified that the greatest negative impact of both kinds of lamps is in the use phase, when electricity for the running of the lamp is used.
• The Global Warming Potential of both sources of light is much higher compared to the Abiotic Depletion, Acidification Potentials, Eutrophication Potential, Global Warming Potential, Photochemical and Ozone Creation Potentials.
